The Kaluza-Klein tower of higher spin-S tensor meson resonances is here scrutinized in the AdS/QCD hard wall model, encompassing the already established resonances ρ(770), f2(1270), ω3(1670), f4(2050), ρ5(2350), f6(2510) in PDG. A hybrid model employs both information theory and AdS/QCD, where configurational-entropic Regge trajectories, relating the configurational entropy of the tensor mesons family to their S spin, and also to their experimental mass spectra, are derived and analyzed. Therefore, the mass spectra of higher spin-S tensor meson resonances is obtained and compared to the existing data in PDG.
I. INTRODUCTION
The configurational entropy (CE) represents the average pace at which any stochastic data source yields information. The amount of information fetched by each mode in any given system configuration is depicted by a random variable, having the information entropy as its expected value [1, 2] . The CE has been evidenced to be a prominent tool to study QCD, specially in regarding AdS/QCD. Light-and heavy-flavour mesonic excitations, glueball resonances, barions and the quark-gluon plasma have been investigated under various aspects of the CE that underlies QCD [3] [4] [5] [6] [7] [8] [9] [10] . The CE was employed to study the next generation of a 1 , f 0 and ρ light-flavour mesons [11] and the pion mesonic excitations, in AdS/QCD [12] . Other applications of the CE in QCD and in the standard model can be found in Refs. [13] [14] [15] [16] [17] [18] . Besides, the CE was shown to be an appropriate paradigm to study phase transitions as CE critical points [19] [20] [21] [22] [23] [24] [25] [26] , including the stability of stellar distributions [27] [28] [29] [30] .
The AdS/QCD approach has proved to be an important tool to investigate non-perturbative aspects of QCD as confinement [31] [32] [33] [34] [35] [36] [37] . The construction of holographic models for QCD-like theories is implemented by considering deformations in the AdS/CFT correspondence [38] [39] [40] . For instance, the hard wall AdS/QCD model [41] [42] [43] consists of introducing an infrared (IR) cut-off, which corresponds to an IR mass in the gauge theory, into the AdS space in order to break conformal invariance. In the case of the soft wall model [33] , the conformal invariance is broken introducing a dilaton field that acts as a smooth IR cut-off.
Our main aim here is to study the ρ(770), f 2 (1270), ω 3 (1670), f 4 (2050), ρ 5 (2350), f 6 (2510) family of tensor mesons in PDG [44] , in the hard wall AdS/QCD, under the CE. The hard wall AdS/QCD can derive their masses * Electronic address: luizfaulhaber@if.ufrj.br † Electronic address: roldao.rocha@ufabc.edu.br with a good experimental accuracy up to spin S = 5 [32] . However for S ≥ 6 there is already a gap of 14.6% between the predicted and the experimental mass of the f 6 (2510) tensor meson resonance. To derive a more trustworthy mass spectra for the higher spin-S resonances in the tensor meson family, for S = 7, 8, 9, the information content of AdS/QCD will be explored, using the CE together with the experimental masses of the already observed tensor mesons in PDG [44] . As neither the soft wall nor the hard wall AdS/QCD model match experimental data corresponding to heavier Kaluza-Klein (KK) resonances, we focus our analysis in the lightest KK excitations, corresponding to the ρ(770), f 2 (1270), ω 3 (1670), f 4 (2050), ρ 5 (2350), f 6 (2510) family of tensor mesons in PDG [44] . Therefore, equipped with the apparatus involving the CE that underlies the hard wall AdS/QCD model, configurational-entropic Regge trajectories, for the tensor mesons family, will be derived and scrutinized.
Here tensor meson resonances up to spin S = 9 are analyzed. Two types of configurational-entropic Regge trajectories to be studied, relating the tensor meson family CE both to the spin-S tensor resonances and their observed mass spectra in PDG [44] . Analyzing both types of Regge-like trajectories can, then, derive a reliable prediction for the mass spectra of higher spin-S tensor meson resonances.
This paper is organized as follows: Sect. II briefly introduces the hard wall AdS/QCD model, presenting the spin-S tensor meson resonances and the obtention of their mass spectra. The CE is then calculated for the tensor meson resonances. Hence, two types of configurationalentropic Regge trajectories are interpolated, relating the CE to both the S spin and the tensor mesons mass spectra, being the mass spectra of higher spin-S tensor mesons inferred. The mass spectra of the subsequent members of the tensor mesons family is computed, based upon the experimental mass spectra of the already existing members in PDG [44] . Sect. III discusses the results and main conclusions.
II. TENSOR MESONS IN THE HARD WALL ADS/QCD AND CONFIGURATIONAL ENTROPY
The hard wall AdS/QCD model is employed to derive the tensor mesons family mass spectra.
The gauge/gravity duality between a 4D CFT, on the AdS bulk boundary, and 5D gravity on AdS asserts, in the QCD case, that the fifth dimension along the bulk, x 5 ≡ z, corresponds to an energy scale in the 4D boundary theory [33] . Conformal coordinates make the AdS bulk metric to read
Although almost conformal in the UV, small z limit, QCD is a strongly coupled theory that breaks conformal symmetry in the IR, large z, regime. Therefore, a bulk cut-off at z = z 0 is needed to preclude this ill-defined region 0 ≤ z ≤ z 0 . Here z 0 ∼ 1/Λ QCD , meaning that the Λ QCD coupling constant decreases as the energy scale increases. Operators in QCD correspond to fields in the AdS bulk [38] [39] [40] .
Taking into account the tensor meson resonances, the first KK excitation corresponds to the spin-1 ρ(770) meson. This particle, in the hard wall AdS/QCD, is related to a bulk gauge field V A , whose action S =
The ρ(770) mesonic state can be modelled by the 4D projection V µ (x µ , z) of the bulk gauge field. The other KK resonances, ρ n , are boundary fields whose bulk profiles are governed by the following EOM in the AdS bulk,
where J 1 and N 1 are Bessel functions. Neumann and Dirichlet conditions ρ (z 0 ) = 0 = ρ(0) yield α n = 0, thus quantizing the ρ meson family mass spectra by J 0 (m n z 0 ) = 0. Normalizing the ρ function as
The experimental ρ(770) mass, 775.49 MeV, yields z 0 = 3.105 × 10 −3 MeV −1 . The next member of the tensor meson family is the f 2 (1270) particle resonance. To describe it, naturally a spin-2 bulk field h AB must introduced, whose lightest KK mode correspond to the f 2 (1270). A candidate for such a bulk spin-2 field is the graviton [32] . Expanding the AdS background
yields the bulk Einstein-Hilbert action to read
Each field has a tower of KK modes, determined by the EOM
whose solution reads
Neumann and Dirichlet g (z 0 ) = 0 = g(0) yield α n = 0, being the masses quantized by the zeros of the equation
Hence, the lightest f 2 particle resonance mass is given by 3.83z
The experimental mass of f 2 (1270) in PDG is 1275.1 ± 1.2 MeV [44] .
In addition to the f 2 (1270), higher spin-S resonances constitute the lightest tensor meson family. The hard wall AdS/QCD can derive their masses with a good accuracy up to spin S = 5, however for S ≥ 6 there is already a gap of 14.6% between the predicted and the experimental mass of the f 6 (2510) tensor meson resonance. To derive a more reliable mass spectra for the subsequent members in the tensor meson family, information theory and AdS/QCD will be put together. The configurational entropy will play an important role, together with the experimental masses of the already observed tensor mesons in PDG [44] . Before it, high spin-S mesons must be briefly introduced [32, 33] .
A KK-type splitting of higher spin-S, with S ≥ 3, string modes are described by the rank-S tensor fields, ψ N1...N S , corresponding to a spin-S state in QCD. Gauge invariance δψ N1...N S = ∇ (N1 ζ N2...N S ) and symmetry justification are usually used [32] to derive EOMs for the spin-S resonances. In fact, the existence of kinetic terms of higher spin-S fields in AdS, with the above gauge invariance yields the axial gauge choice ψ 5N2...N S = 0 [33] . This gauge is preserved under
can represent a zero mode. With respect toψ, the Lagrangian contains a kinetic term z 1−2S ∂ µψ ∂ µψ . Hence, the KK modes for spin-S tensor mesons satisfy [32] 
then generalizing Eqs. (3, 7) and leading to the known results for spin-1 and spin-2 modes. The normalizable solutions of Eq. (10) are of the form z S J S (mz). When Neumann boundary conditions are imposed in the IR regime, Ref. [32] derives the mass of the lightest spin-S particle resonance as the first zero of the J S−1 (mz) function. This leads to the tensor mesons spin-S resonances in QCD. The first column in Table I encompasses the spin, S, of the respective spin-S tensor meson resonances, whereas the second column depicts the ρ(770), f 2 (1270), ω 3 (1670), f 4 (2050), ρ 5 (2350), f 6 (2510) tensor mesons. The third and forth column indicate, respectively, the tensor mesons family mass spectra in PDG [44] argue whether the AdS/QCD soft wall model can better fit the experimental masses in table I. However the soft wall model poorly emulates the experimental mass spectra of the tensor mesons family. The hard wall is much more appropriate for better emulating the mass spectra, as Table I illustrates. As the hard wall AdS/QCD model predicts the f 2 (1270) mass that differs 3.1% from the experimental value, and a difference of 14.6% between the predicted and the experimental mass of the f 6 (2510) resonance, we propose a method based on the configurational entropy, for using the experimental data, involving the tensor mesons family mass spectra to derive the masses of the next generation of tensor mesons resonances. For it, Ref. [33] analogously derives the EOM (10) from the Lagrangian
for A(z) = − log(z). Specifically to the tensor meson family, the main tool for computing the CE is any localized function that represents the tensor mesons in AdS/QCD, namely, the energy density, ρ(z). This can be derived from a Lagrangian density, L, with stressmomentum tensor components given by
Hence, the energy density is read off the T 00 (z) tensor component in Eq. (12) . The Fourier transform ρ(k) = ∞ 0 ρ(z)e −ikz dz, with respect to the AdS bulk dimension, defines the normalized modal fraction [19, 21, 25] 
Therefore the CE is defined as [1, 2, 22]
forρ norm (k) = ρ norm (k)/(ρ norm ) max (k). According to this procedure, the CE is, then, computed by Eq. (14) for the lightest family of tensor meson resonances, ρ(770), f 2 (1270), ω 3 (1670), f 4 (2050), ρ 5 (2350), f 6 (2510) [44] , and subsequent elements in this family. Firstly, the CE is here computed with dependence on the S spin of the tensor mesons, showed in Table II . Let one denotes by X 7 , X 8 , and X 9 the next members of the tensor meson family in Table II , with spin S = 7, S = 8, and S = 9, respectively. The data in Table II is better represented by the points in Fig. 2 as a function of their S spin. Besides, interpolation of this data makes possible to introduce a configurational-entropic Regge trajectory, for the tensor mesons resonances, as a dashed curve in Fig. 2 . We opted to use a quadratic interpolation, as it is sufficient to delimit within ∼ 0.38% the standard deviation.
A second type of configurational-entropic Regge trajectory, relating the CE to the tensor meson family (squared) mass spectra, is shown in Fig. 3 , strictly for the tensor meson resonances in [44] , corresponding to S ≤ 6. For the plot in Fig. 3 , the configurational-entropic Regge trajectory has the following form:
within 0.14% standard deviation. Alternatively of computing the lightest tensor spin-S meson resonances mass spectra, as solutions read off the equation J S−1 (mz) = 0, one can use Eqs. (15, 16) together. It provides a better accuracy to experimental data in PDG [44] . Subsequently, the mass spectra of the next members of the tensor mesons family, with S ≥ 7 are derived. Using the information content of the tensor meson resonances, it is a more realistic one, as it employs the experimental mass spectra of the ρ(770), f 2 (1270), ω 3 (1670), f 4 (2050), ρ 5 (2350), f 6 (2510) tensor meson resonances [44] . The mass spectra for the X 7 , X 8 and X 9 elements can be easily inferred, by employing Eqs. (15, 16 
III. CONCLUDING REMARKS
Interplaying the CE and the hard wall AdS/QCD model made it possible to derive configurational-entropic Regge trajectories, for the tensor mesons resonances. It was reasonable to consider tensor meson resonances up to spin S = 9. Two types of Regge-like trajectories were derived, relating the tensor meson family CE to both their spin-S and their mass spectra as well. Analyzing both types of Regge-like trajectories predicted the mass spectra of high spin-S tensor meson resonances, for S ≥ 7. Their masses are respectively given by m X7 = 2619 ± 11 MeV, m X8 = 2690 ± 15 MeV and m X9 = 2786 ± 19. These results open two possibilities. Either the X 7 , X 8 and X 9 tensor meson resonances are potentially new particles to be still detected or there exists already detected particles, in the PDG list of particles. In fact, trying to match the further members of the tensor meson family, there is the X(2632) element in PDG [44] , with mass m = 2635.2 ± 3.3, with until unknown spin, that might be identified to the X 7 member of the tensor meson family. In addition, the element X(2680) in PDG, with mass m = 2676 ± 27, also having unknown spin, might correspond to the X 8 member of the tensor meson family. Analogously, X(2750), with mass m = 2747 ± 32, might speculatively be the X 9 member of the tensor meson family, although this last possibility is less feasible, as PDG lists tensor mesons such that S ≤ 7, up to the 2018 PDG edition [44] .
